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Table l. Design of delayed feeding 
10 July, 1989 front the surf zone at 
throughout the e,(perimental periods, 
starvation unti I start of feeding. 
(~O in each run of experiwents are 
experim nts with mi lkifisl] Iarvae col lected from 19 June to 
Villa. F: fed from tl]e start of experiment, UF: unfed 
S-3 to S-lO: delayed feeding, rumber indicates days of 
Mean total le th (uw)of larvae at capture and water temperature 
shown. 
Date of 
col t ecti on 
reeding condi tion 
FF S-3 S-4 S-5 s-6 S-7 S-8 S-9 S-lO UF 
TL of 
l arvae 
Va te r 





















































14. lO:tO. 48 
14 . 12:!:0.40 
13.87:!:0.39 
4 . 7~28 . 7 
24 . 7~28 . 7 
24 . 9~29 . 2 
24.0-29.0 
23 . 7~28 . 2 
23 . 8~28 . 3 
25 . I -28 . 4 
Table 2-A. Date of collection and total length (mm) of 
wild milkfish larvae us_ed fo,r starvation experiments, 
and water temperature (~C) during the experiments. 
Date of 
coflection 
Total length (mm) 
of larvae 
Water 
























14 .77:!: O. 73 
15.05:!: 0.40 
14.33 :!: 0.82 
14.59:!: 0.64 
14 .44:!: 0.59 
14 .27:!: 0.58 
14.25:!: O. 56 
14 .07:!: 0.67 
14.02:!: O. 54 
13.49~: 0.64 
13 .34:~: 0.65 
14 .62:!: 0.60 
14:69:!: 0.51 
14 .77:~ O. 36 
14 .76:!: 0.43 
14.85:!: 0.39 






24 .O- 28. l 
24 . O- 28 .O 
23.9-28.0 
23.9-28.1 
23. 9- 28 .O 
23. 9- 28. l 
23. 9- 28. 1 
23 9-28.0 
23. 9- 27 .q. 
24. 5~ 27 .8 
24. 5 - 28.0 
24. 5- 28 .O 
24 . 5- 28 .O 
24. 5~ 27 .8 
24. 5~ 27 .8 
24 . 5~ 28.5 
25. O- 28 . 4 
24. I - 28.0 
25. 2~ 28 . 3 
24. i- 28. i 
Tabie 2-B. Date of collect,ion and total lengtll (mw) of 
wild milkfish larvae used for starvation experiments, 




Total length (mm) 
of larvae 
Water 
























14. 14:!: 0.32 
14.13i0.34 
13. 66:t 0.44 
13.89:!: 0.55 
14. 23:!: 0.55 
14. 33 :!: 0.43 
14. 3 2:!: O.63 
14.49:!: 0.45 









14. 7q. d: 0.39 
14.61 :!: 0.56 
14.00:!: 0.64 
13.81 d: 0.54 
24 .5~ 32. 5 
24 .5~ 32.5 
25 .5~ 32.5 
25 .5_ 3 2.Jr 
26 .O- 32. 5 
26.0- 32.5 
26.0-31.0 
26 .O- 32. 1 
25.5~32.9 
26.0- 3 2.9 
25.2~ 32.9 
25.2- 33.0 
25 . 2- 33.0 
26 .O- 31 .9 
26.0- 31 .9 
25.8-31.9 
25.7- 31 .9 
25.7-31.9 
25.7- 31 .5 
25.7-31.5 

























4. Frequency distribution and 
col lected from the surf zones 
, Indonesia, from 1987 to 1991. 
range of tot l 
at Tigbauan and 
 e g th 
Vi I Ia, 
(TL, mm) in 
Phi I i ppi nes 
 i I kf i sh 
and at 
Yea r Collection TL(mm) 
c i te <12 
f requency(%) 
12-15 15< 
Range(mm) Mean(mm) Number 
of larvae 





1 99 1 
I ndones i a 
1991 
T i gbauan 
Vi I Ia 
Vi I Ia 
T i gbauan 
Vi I Ia 
T i gbauan 










93 . 8 
95 . 9 
95.8 
97 . 6 
98 . 2 
79 . 2 







20 . 8 
11.6 
70 . 7 
6.45-15.45 
10.90-15.80 
1 1 . 60- 16 . 05 
l I . 94- 15 . 67 
1 1 . 65- 14 . 45 
l I .20- 16. 10 
1 1 .95- 16.00 
14.20-16.44 
14.04:!~0.72 
1 3 . 93 ~: O . 68 
4 9~:0.35 
3 81 :!:O. 54 
3 3 :!:0.57 
4.33:!:0.68 










Table 5. Frequency distribution and range of 
mi lkfish larvae col lected from tlle 'surf zones 
and at Gondol, Indonesia, from 1987 to 1991. 
num er of otol i th i ncre~ents i n 
at Tigbauan and Vi I Ia, Phi lppjr]es 
Year Co I I ect ion 
c i te 
rrequency(%) of 
i ncrement number 
<15 15 - 20 20< 
kange Mean Total nuniber 
of larvap_ 
Phi I i ppi nes 
l 987 T i gbauan 
1988 Vi I Ia 
1989 Vi I Ia 
T i gbauan 
1990 V i I Ia 
T i gbauan 
1 99 1 T i gbauan 
I ndones i a 
1991 Bal i 





30 . O 
24 . O 
l.4 
73 . 4 
87 . 6 
74 . 4 
86 . 8 
82. 1 
64 . 8 
66 . 2 

























l 5 . 90 :!: 2 . 56 
17.68:!:2.21 
18.26:!:2.72 
17.00i I .91 
17. 14 :!: 2. 32 
15.97:!:2.60 
16.56:!:2.74 












e, +-CL q; 
Cl:2 















~ q;i~ C; 
e, 
o u 















:: O +5 U-=0) a!C,) 
CL 
CO 



















Q) ~Lt) E S; +; a S, V:~r 
,L, ~-cF$ ~ ,::: Cb 
c :$







･-,OOef)o eo.-10 ~tl 
,Y,O,Y)Oh =tt(Y)O e,?O-C1,0 e~~~-~r･-, 
!~t~CY},Y),Y$ ~t~O (¥l-O(hlO -GD(h~ ,Y,~ 
OhOh~ ,Y)hee ,-dO･-,e~･-1 ,!?L-iO L!, ,N 
Nh,Y)O~ Ol~(v) 
.~000- ::･~O･~ ~tl e~-~ 
Oer)oee (Y,O~ OOOO- QO-f 
0'1eO,Y$h ,Y~(Y)~ qreo-O ':h~; 
OGe:~eh O!~[~ 
(Y,･-,OC~- (~l-e 










NhOOO (Y)~O OOOOCO ee(10 ,~,-
OOOOO OOO (~gOOO(V) Oh-
ohot~o eY}c･}~ ooeo(Y) No-
ooooo ooo t!)OO(~g~ a,CO,Y) 


































oo ~oeo oo ooo 
oo ooo oo ooo 
oo oa)o oo ooo 
oo ~oer~ oo -oo 
oo ooo oo ooo 





Oh O,~ ,O 
O~ OO 
OGO 0~r 
e,),~9-Lr)O,hl $!}o o e oo-eoo oo o  oohooo oh o oo,Nooo oo 
,Y)O,Y,OO,Y:, OO OO,~,OOO OO O 
O ~h(V5CY,O,V) O OO O O O OO --tOOO Ce I~ONCY,OO OO O O OOOC:,OO O,::, O 
o ooooev)o oo o C:) oo oo o -oo  o~ oQecf) c:,(v) oo ooo oh o 
oo ooo ocv, o oo ooo oo o 
Qo oece ON e~ eo ooo oe e 
(Y)O OOO OO e OO OO- OO O oo ooo oo o oo oeo oo o 
oo ooh oo o oo ooo o- o oo ooo oo o oo ooo o(~ o 
eo ooo oo o oo ooo oo o oo ooo oo ~ oo oo,::, oo o 
oo ooo oo o oo ooo oo o 
OO OOeY) OO CY) OO eo- OO O  eoo o oc oo cr,o-~ o-L!) 
 ooo o,:, oo ,v,oLo -~tl 
,e 1'3 ~; (~ 
o 
c o ~ 
(Y)ocY'ooo oo o o0-000 oo  oeeoo oo ee oeo oo oo  ooeQooo o (~0 oo o oo -oooOCr),Y50eo eo O OOO OO OO  I!),::,Lr,eoo oo  OOOOOO C;o  
ooo oo oo  oo- eo oo oL!)(:)ooo oo  -o-oo(Y~ (,)o o ooo oo oo o o c:) oo o~e oo oo oc~t,Noo ooo ooo oo oo  - o c:) oo  oooooo oo -(100 
oo oo oo o o- oo oo  OOOOOO OOC,,OOO 
,,, = a,E CO CeS==:, ,1$,~8 - +; 1~ Q,~$C. cr$ e, - L ,1S ,~!- c~, = c~$ e; ,E$ - L･- Ce ,~$  QS = :, =,~a q, u･-･- ~ Q. E~ C,-~.~･ ols ¥J ~$uoo,Ue0=,::Loc~,::=-･- ~S ,e ,ESa; ･- -･-- a ,1$ G$ -･- cE$ i: 1; ･-L C,, E -･-C 1. LL1o･:-･ ~-+･ E~$ 5 ,G 5 L L C:-O sS c:S I O L C.th~･･-o ,: O ,:Sth E C,, a$~a.-q;a C,) E~ q.Jx+a ~,o ,!, L*-c $~aL +a>c:$ L ~･-,a .-Cb-coa;1~Uc~,q, ･ ･ ･ -･ s,~$u･- a. ,~S = ,~O a$ o -z,~ ,e-: L:,u< v~,s Ge ~'o 





ee ee e ,~: 
,,, 
t!) 


















































































tlli I kf i sh 
June to 
l arvae col I ected 
25 september, 1991 
f roln the surf 
l tcnls 





Pe rcen tag e 
with each 
of larvae 
food i t,em 
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N um be r 
Feed i ng 
of larvae 
of larvae 
i nc i dence 
ex m i ned=2007 
wi th food=36 
rate=1 . 8% 
Table 9. Gut 
barc.k i shwa ter 
item is also 
content of mi lkfish col lected from 
pond from 29 to August 28, 1991. 
shown . 
the suff zonp_ and 
Volume percentage 




Rea r i ng 
period (days) 
Ani~ai organism P e.rce n t 
vo I ume_ 
Plant organism Pe r c e n t 






3 Copepoda naupl i i 
Cyc I opo i da 
Har pact, i co i da 
Ca I ano i da 
B racl] i onus 
Copepoda naup! i i 
Har pac t. i c_o i da 
B rach i o nus 
Copepoda naupf i i 
Vort ice I I a 
C yc I opo i da 
Har pac t i co i da 
Col ure I Ia 
Nematoda 
Har pac t i co i da 
Cyc I o po i d a 
Ca I ano i da 
Copepoda naupl i i 
Lecane 
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Lecane 
Har pact i co i da 
Cope.poda naupl i i 
Cof ure I I a 
Ci I iata 
Nematoda 
Ca I ano i da 
Copepoda spp. 
Copepoda naupl i i 
Lecane 
Col ure I fa 
Brach i onus 
Copepoda spp. 
Lecane 




B rach i onus 
Col urel la 
Lecane 
Copepoda naup! i j 
58 . O 
37 . O 
5.0 
2.4 
23 . 4 
2.0 
8.2 
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ur,icel lular algae 
D i a tom 
Per i d i n ium 
unicel lular algae 
D i a tom 
(Pleurosi ma) 
unicel lular algae 
D i a tom 
unicp-1 Iular algae 
d i a tonls 
Osc i f lator fa 
72.2 
32.8 














unicel lular algae 




unicel lular algae 29 . 
detr i tus 33 . 
Osc i I I ator ia 4 
D i a tom 8. 
(Navicula, Pleurosl ma) 
unicel lufar algae 42 det,r i tus 40 debris of seaweed l 
Osc i I I ator ia 
D i a tom 











































































































































































Table 12-B. Date of col lection, IflP_dian 
(MSP in days) and total lengt,h (mm) of 
larvae used for star'vation experiments 
tewperature (~C) during experiments. 
sLJt'vival period 
wi Id-caught mi lkfisl] 
in 1991, and water 
Date of 
co I I ect i on 
MSP Tot,al length 
of larvae 
Wa te r 































1 3.89:!: O . 55 
14.23d:0.55 
14 . 33:!: O. 43 
l 4 . 32:!: O. 63 
1 4 . 49i: O. 45 
14 . 35:!~ 0.50 
1 4 .52:!: 0.52 
14 . 37:!~ 0.56 
14 . 32i O .,53 
14.19:!:0.45 
24 . 5~ 32 
24 . 5~ 32 
25 . 5~ 32 
2JF . 5~ 32 
26 . O- 32 
26 . O- 32 
26 . O- 3 1 
26 . O- 32 
25 . 5~ 32 
26 . O- 32 
25 . 2~ 32 
25 . 2~ 33 
































1 4.61 i 0.34 
1 4 .72:!~ 0.36 
14.77i0.34 
14.q. I i 0.32 
14.79i0.3g 
14.61:!:0.56 
1 4.00:!: 0.64 
13.81:t0.54 
26 . O- 31 
26 . O- 3 1 
25 . 8- 31 
2,5.7-31 
2:5 .7- 31 
25 . 7- 31 
25 . 7- 31 
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circles) 































































































dJ (~,a, eeO -q,S u: ef!!1:r Oh s: N *H e, ~~* sH:, ~1.H1:, :~,~ ~1 ~O ,~ h= 
,!) ･ ,~I J::u, q, ~)a) O) f:: ~ Ia) 
･H ･H bJp V ;:: HO ,~S ::IH ~ cQq) J~> cO 5, 
~,1･ C: q; I:~ ･H Q* ･H F~: q,:~ I~ ,~f4s C: ~ s: ,1 ~, a) ,:,h CQ ,H ,!,10 CH $:: 
- 'H ･H O) ･H ~ ･H 1, l~ tH ~.:J~ F1 H,1 (U ~.H ~ 
cHaS O OCDJ: 'H u, ~ e, *u, l:,S ,D ~a,JJ S=, ,13 ~:,~1 V i ･H 1:uO~. .H C: 
C/D F, ･H o o o to o bo ~ 














































































> S 1, 







> :, 1 
cl, 
~ :, 1 
o c¥,

















Q c 3 1 
o CD





















co cl, ,~r -





,1:･H H O ~:JJ u) 
･H q, CHC:: ~5 H'I~cD H ~H O S 
~::~, CCH ~~,1 -
::,,Ha) /:t,HeC 
･H ･H O)-. h>･H J' ~Q+, *'H '~ -1~ ~2 q,~---,:! 4･ O >, ~4N,H ,::: ::! C,~H'I r'~, =fC,:, r' U,C¥, C~l ~, G, O OJ::4-4D4-~:r f: ~~C¥:, 
･H O f~1:, Cl,eH,:: G, (Q ~91, ;:: q)f~ ,~4J~~ J:: ~)~.' 1!)4) Hh H･ O ::, CO t)tl 
~s ~: 
(ww) yl6uel lelol (ww) ylOuel lelol 
< cn 
~ E_ 













































O 10 20 
JUly 28 
N=50 
~ E E ~ :: ~ g' 
~ 
(O ~ ho

































O 10 20 
No. ot Larvae 

























tO ~ ll Z 
co 







ll Z c, ~cL ~ 
Oc~d 
ll Z 





ll Z N ~CL 
co 
c¥t u d z Z 
(D 
C!' Z 
CO J ~-O 
q, Ce?) :~H S~:S ,1F1 .H CO ~=:,H e, 
･H O C JJ~,: HC;) ~S O eHf~ OCH 








ll Z ~,l o U) 
o c¥,
ll Z 
CO ~r Gd r' 1- '-
tO C¥, 
ll Z 
(uJw) y$6uel 113ldl 
co 1-




(ww) y$6uel lelol 
,~ c:: O cl5 ..i 5F 4,) c5 ~,Jc: !t b() .H .H $~H 4J ~:4J 
･H (e ~ _: ~･H 
4･ OC,. hO N O) S ･H la,cH ,H~ -:･~ H e, ,1) 
c~, ･o 4･ C,~ OJ::(1) 4･~)4-,~ ,:: ~e, 
･H O ef, h U)tH,~ (!) ･H bol:, cl q)o c~,JJ4J .~ <-O q,~r H 1:l ･ Of:: oO O(:l 
~JO 
I~ 
(" :.ir ' ¥".r '. t . ., f .t '~'b, ~ tS-~,,L ~: "' tl 
~lt' 
""I'~"id"'i' 
~ : ~..1 
it i " 
~ ~~ '.t 
..:, 
~* ' * .. ¥.-


















~: O h -CH ~: ~: 
1~,!, 
(!, 
JJ ~O O e) q)4-H ,1e H C) O *H O1:f C: 
,~, ･H > $~ ~ C~ ,~f H~F 
/:: q) U)H ･H ,15 tH t; ~~V) H ~ -
CD -IOO Ha, ,H ~{ ~: ~ LO ,:: O r~f 
･ :l ~r ,:f ~,, 
<: ･H H 
* ~J a) ,10 
ho ~: 
o 5 
Total Length (mm) 





















not completed in number 
not completed in number 
not completed in numbe[ 
not completed in number 
not completed in number 
not appeared 
not appeared 
o 5 10 15 
Total Length (mm) 
20 25 
Pig. lO. Schematic representation of the development of fin-ray 
and fin supports characters of milkfish larvae collected 
from the surf zone at Tigbauan. ACT: actinost, PIFR: 
pectoral fin rays, PH: perhypural, H1-H6: 1-6th hypural, 
EP: epural, NU1: nural arch of ural centrum 1, NPU1: nural 
arch of preural centrum l. UN 1-2: uronural 1-2, CFR: caudal 
fin rays, DP: dorsal. pterygiophores. DFR: dorsal fin rays, 
AP: anal pterygiophores, AFR: anal fin rays. BP: 
basipterygium, P2FR: pelvic fin rays. Dotted line: 
cartilaginous state, solid line: ossi'fied state. 
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Pig . 12. Sagitta (right) and 
lilkfish larva (13.45mn 
increments is counted as 
lapillus (left) 
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14. Relationships between number of otolith increments 
total length of milkfish larvae collected from the surf 
at Tigbauan and Villa, Philippines, frout lg87 to 19gl, 
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Fig. 18. Changes in ~lean total le[]gth 
of milkfish larvae collected from 
from 16 to 28 July, 19go. 
(A) and 
the surf 
RNA-DNA ra io 
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Fig . 21, Density of 
collected from 
line indicates 
copep ds in the surf zone at 
4 September to 8 October, 1991 
mean density. 
Tigbauan 
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Fig. 33 . N umber of dorsal fin rays of hatchery-reared milkf ish.
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Fig. 45. Changes in length of body parts in relation to total 
length. HL: head length, BD-s: body depth at shoulder 
girdle, PDL: predorsal length, TrL: trunk length, open 
circle: wild-caught larvae, solid circle: hathery-reared 
larvae and juveniles. 
Fig. 46. Sagitta of 7-day old hatchery-reared 
Number of otolith increments is counted as 













20 10 15 
Days afer Hatching 
between days after hatching and 








































49. C.hanges in 
larvae reared j 
of 
ALC, solid 
50 ppm ALC, 
tryangle: fed, 
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DayS after ALC Staining 
survival rates of fed and unfed milkfish 
in water containing different concentrations 
Alizarine-complexon (ALO. Open clrcle fed In O ppm 
circle: unfed, in O ppm ALC, open square: fed, 
solid square: unfed, in 50 ppEl ALC, open 
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Fig . 56. Development of gill arches in hatchery-reared Dlilkfish 
(A to F) , and that of 4th and 5th gill arches in wild-caught 
milkfish reared in a brackishwater pond (G to K) . A: 2 days 
(D-2) after hatching (5.05 nlm TL). B: D-3 (5.10 mm TL), C: 
D-5 (5.45 mm TL), D: D-9 (6.7S mm TL). E: D-15 (9.25 mm TL), 
F: D-19 (11.25 ,nm TL), G: 3 days after stocking in the pond 
(14.50 mm TL). H: 6 days (18.60 mm TL), I: 12 days (29.20 mm 
TL). J: 18 days (33.65 mm TL), K: 30 days (52.30 mm TL)L.; 
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59. Change in proportion of intestine 
length in wild-caught milkfish reared 
pond . 
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Fig. 60 . 
on 19 
Days after Capture 
Survivorship of wild-caught milkfish larvae collected 
June, 1989. See Table I for symbols. 
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Fig. 61 . 
on 21 
10 
DayS atter Capture 
Survivorship of wild-caught milkfish larvae collected 
June, 1989. See Table I for symbols. 
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Days of StarVation 
62. Method of calculation of irreversible starvation period 
(ISP). Survival rates, on the day when all unfed larvae 
died, in different treatments of delayed feeding are 
plotted. The rate is indicated as perdentage of the 
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Survivorship of wild-caught milkfish 
1989. Date of each figure indicates the 
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67. Changes in nuBrber of larvae per haul, median survival 
period (MSP in days) and tot.al length in milkfish larvae 
collected from the surf zone at Tigbauan from 31 July to 31 
August, 19go (A)t and from 9 to 28 July and 4 to 11 





























































































Fig . 70. Survival 
capture froRl 
in the figure 
DayS after Capture 
rate of milkfish larvae reared unfed 
the surf zone. Median survival period 
















Days after Capture 
in RNA-DNA ratio of milkfish larvae reared 
and unfed (solid circle) after capture. 
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Days after Capture 
Changes in protein contents of milkfish larvae reared 
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73. Change in triglyceride content (mg) of wild-caught 
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74. Change in number of Artemia nauplii in the 
caught milkfish larvae reared unfed after stop 
4 
gut of wild-
of feedi g. 
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Fig . 75. Changes in number 
milkfish larvae reared 
rotifers (ind/1) . 
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DenSlty of Rotlfers (ind//) 
Number of rotifers in the gut and feeding incidence 
of leild-caught milkfish larvae sampled 2.5 hours after 
start of feeding in water with different concentratlons 
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77. Change in feeding incidence rate of milkfish larvae 
reared in turbulent water of different intensities created 
by changing aeration intensity (volume of air released) . 
